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Abstract: With the increase of focus on food safety, copper agents which have the characteristics of pollution-free, no re-
sistance etc. are widely used in organic agricultural production. Whether the extensive application of copper agents will
bring influence on the yield and quality of foods or not is noteworthy. To inspect this influence, the changes of seed ger-
mination, seedling growth and vegetable quality of Ipomoea aquatic under CuSO, processing will be assayed in this pa-
per.Results showed that CuSO, treatment not over 1 mM had no obvious effect on seed germination rate , but would re-
duce seed germination quality. CuSO; treatment not over 9 mM had no obvious effect on seedling growth , photosynthesis,
yield and nutrient content. CuSO; treatment would increase copper accumulation in I. aquatic seedlings, and copper
would accumulate preferentially in roots. Copper content in leaves and stems in the treated /. aquatic seedlings would
not exceed the national standard, but it would exceed the standard in roots when CuSO, was not less than 3 mM. CuSO,
treatment would reduce the nitrate reductase activities which led to the nitrate accumulation to the severe pollution level
in . aquatic seedlings. This would reduce the vegetable quality and enhance the human cancer risk.
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1.2 #EEFS CuSO. 4012
W REFE TS I TR T . CuSO A BRVE TR E 735 5 0 mM .1 mM .3 mM .6 mM £19 mM

(pH 6.83~pH 7.52) , % FAA1 AL BEUE A 1/4 Hoagland 5 72 . FEANIE K 2 11 em 2247 5 BEA, PR 5 d D
LR, BRR GEER A 500 mL, 3 3 VR 455 1R B HE S d i SRAE . AR W 0] 1 R IR A 22 °C~28 °C, ¢ R) Tk
416 C~22 °C, F&AAE PRI E] A 20 d.
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BAF(v1.30)F AT Hr it
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A # B RE S 4% 100 mg, 28 5B T /KRB, 105 CCAAT 15 min, 80 °C 48 h )i , B4 HE b % . By e 5
FRIRE i 28 359% (PR FH 43 %0) HNO, 100 °C I 4L 30 min Ji , JH HL JEOHE 45 25 85 11K & 5 63 X (Prodigy AU,
Leeman Labs Inc. 3¢ FE ) Kl o 407 BiC R & &, A K 7E me 5 I 98 R Ar il b 47 %0 K
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T R AN O 43 7 8 SO0 e TG b SRAE b A T . AR A I T EURT CuSOL b R FEAS
6] 9 75 2 ¥Y=98.43-107.1X+63.13X*~17.94°+2.34X*~0.11X°(*=0.994 03, P=0.001 56, Y XA XF % S5 %%,
o fR 3 CuSOL B ). AR i B[] 05 77 R 0] £« 2 045 0 S8 Fh T 76 0.718 2 mM CuSO. AL B T i & K 4f, Wi 7
5.1544 mM I}, AV 10% 0 78 & R4
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Fig.1 Effects of CuSO, on the cumulative germination rates (A )and lengths of radicals and

hypocotyls(B)of I. aquatica germinated seeds
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A CuSOLALHEXT 25 Ol AR RS2, G i A ROIRAS R R DL e A it B ER bRy e 4
BE20 d 5 Rz . B 2 57 CuSOLAb BT 2503 77 AR AT A SMF 25 AR AR, 1H 9 mM CuSOL AL BRET , &Iy i bk 5
FIR ZR A PR (1 2). 1813 a7, S 30V BV 1B P A CuSOL AL BG4y v (ke s (T€1 3A) T B (141 3B)
A (1 3C) ZE 23438/ AUHE 9 mM CuSO. AL BRI AR 22 A8 4 B B S 28 FRAG AR 2R 3% S HE 3 mM
CuSOAb AT A7 1 3 TR, 9 mM CuSOAbFERT AR R TE JIREAIR T 47.8% (1€ 3E).
2.3 CuSOEXHENXEERNIIT

HAEOETE SR /b EHMIEHE DR/ DS R E A2 O35 4 e it rh & i As e, (UFE
9 mM CuSO AL BRI, SR R AL 2 b 3 O FEA /IMERFIK (0.01<P<0.05) (B 4). 5625028 50 8
78 F AEAYAE=6 mM CuSO. A0 H I 4 2 ZAR X5 B8, F/F A1 FJF, AEANAE 9 mM CuSO, Ab FH s i 254K T %F
HE UL RT L, <9 mM CuSOL AR BEXT 25 032 4 6 A AR ARk
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Fig.2 The response of I. aquatica seedlings to different concentrations of CuSO.(A :shoot, B :root)
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Fig.3 Effects of CuSO; on the relative stem height(A),leaf area(B),biomass accumulation (dry weight) (C),
root/shoot ratio(D)and root activity (E)of I. aquatica seedlings
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Fig.4 Effects of CuSO; on the chloroplast pigment contents(A ), Chl a/b ratio(B)and Car/Chlt(C )ratio of I. aquatica seedlings
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Table 1 Effects of CuSO, on the chlorophyll fluorescence parameters of 1. aquatica seedlings

CuSO, ¥ EE/(mM) F, F, F.[F, F.JF,
0 514£29Ac¢ 2892+57Aa 4.6420.37Aa 0.82+0.01Aa
1 517£67Abc 2870+115ABa 4.62+0.7ABab 0.82+0.02Aa
3 534+71Aabc 2787+90ABab 4.3120.88ABbc 0.81x0.03ABab
6 578+24Aab 2713+90Bb 3.7+0.79ABc 0.79+0.01ABb
9 589+29Aa 2703+113Bb 3.61+0.78Bc 0.78+0.02Bb

24 CuSOLEXH REFSEMF
BAVET TR S RGN T 444 BRI 1 mM .6 mM F19 mM CuSO.AZEFEZH ). Z3Hr Kl 5 0] I, K"
a™ Mg Fll P UL 3 5 AT RIS, OB LR AR 3 B S , CuSOL AR IR 20 34N M 45 A PP A
HWEE,‘%@E%HHT — . FLARZRE R K Mg Al P35 I 7 206 A P P8 1 ) P T oo el A e (& SA
5CHISD), 25 1) Ca ﬁ%%ﬂ@%%fc%@%ﬂﬂ ki & mso&}i%zft? ) = iR (&1 5B AT SE).
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Fig.5 Effects of CuSO, on mineral nutrition contents in the organs of I. aquatica seedlings
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b FRIA] AT 22 57 (1 6C) 3 7 B8 S R 75 o AE CuSOL AL B N A — 8 R B [, (H 45 b B 1) th 30 A 22 5% (&)
7C). FHILAT L, <9 mM A9 CuSO. AL BEXT 23 OS24 1 B9 A MLIE S A I AR K
2.6 CuSO.AEZTE EER S EURERIEREEENID

Fe2 g R R W IR o Cu B AR s ARIR ., 22 IS CuSOKM B , 25 0345 45 B Cu
B BIR CuSOL AL HVR B A T = T s, AR & it e R & g i T . DA K 90% 1153, 5256
0 N 23 OS2 M TR0 Cu 25 e e (R AE 9 mM CuSO. AL B2 2571 ((7.4320.352) mg/kg FW) , %14
1% F 3% B it AR BR A A= bR vfE) (GB 15199—1994) H R SEARTE (10 mg/kg FW) , 1ii=3 mM CuSO. 4L Hl
ik, AR o ] ) e T SR AR I

CuSO, b B i 42 3 T 25032 P A A A S 1 (7=0.935 2, P<0.01). AR I Tk [ i 25 v il iR 3 BR
HO)FRE(GB 19338—2003, H E R FFBE 2004 4F- i 52 ) , X BRZL 250030 NI IH A Z & i Ok h s Yok
(483 mg/kg FW~785 mg/kg FW) , 11 1 mM~9 mM CuSO. 4L R RN S & & A B JE 75 K (785 mg/kg~
1 440 me/kg). SR S5 1 G 00 45 50 0 5 7S, CuS O A BRI S5 WAL 1 25 0 35 i - v (80l 1R 30 i it 7%
("=-0.840 6,P=0.028 ) , iX 1] f& & CuSO AL B F 82 3Rt A i/ & T s i E 2R A
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Fig.6 Effects of CuSO, on the contents of non-enzymatic antioxidants in the leaves of I. aquatica seedlings
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Fig.7 Effects of CuSO;, on the contents of soluble protein(A),soluble sugar(B) ,and free amino acid (C)
in the leaves of I. aquatica seedlings
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Table 2 Effects of CuSO, on the Cu contents, nitrate contents and nitrate reductase activities in . aquatica seedlings
CuSO,# 2 /mM 0 1 3 6 9
M 2.58+0.12Fe 65.80+3.59Dd 102.35+4.56Cc 136+6.71Bb 181+9.35Aa
Cu 7% # (mg/kg DW) A 1.48+0.09Ee 26.40+1.47Dd 42.38+2.45Cc 60.7+3.13Bb 74.3+3.52Aa
o 2.89:0.16Ee 38.30+2.12Dd 43.25+2.03Cc 46.2+2.11Bb 54.7+2.87Aa
HAS A& 2/ (mg/kg FW) 762+49Bb  852.32+88.1ABb  880.45:93.34ABh  894.51+25.32ABab  1029.54x102.66Aa
TEAR A RGP/ (ng NOS' - FW h™)  6.230.32Aa 5.06+0.49ABb 4.10+0.49Bbc 3.99+0.70Bc 3.78+0.60Bc

A Bl A 7 h 280 8] CuS 0.5 CuSO, 5 HAh ] LA 10 sl il 551 i 28 229 4l #1571 \4.5%
H - 4 sc Wit AE P o 18 5 UE A LR R B T AE IR R sk 25, R G R, R ERUR TR R oy
A1) -4 R 2 (0 em~15 em) "5 177 P18 W% it 49 0 o 390, 0] LA ) 5 10 e e e b 358 . R S L)
CuSO, A VR 328 5 5 42 A R 1 R , T2 BEASTADL 40 BT = 9 o) 550 A s Yo i 52 14 5 i)

PR B T 1R 32 b+ 98 52 PR & FEAE 11.69 mg/kg~348.8 mg/kg 3 Bl PN, 280 AE 3R [ (4 SE A o i
FrifE) (GB15618—1995) —Zhn i N (pH 6.5~pH 7.5, 100 mg/kg) . AR 52545 o I 75 368 Jof i) 25 - 45
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R (F3), 1 mM CuSO. AL 38 41 J5 J57 v i ] 75 3t 5 3% Y T 58K AH >, 6 mM~9 mM b 35 45 J5 J57 4] 75
iz i T H TR E KT (0 3 mM &b ] B e AT 3 S U R 22U 10 4F 1% SR el - S 3 o
(500 mg/kg) ™", 6 mM Ab RZE AL T I P4 % L0 FH % JR 29 16 4F 5 19 AT AT el (993 mgrkg) 3B A4 5 i,
O mM AbFR A WG -3 B ELAG 130 4140 il 51 ek FH g 5 %) 48 765 el = 39840 55 = (1 500 mg/kg) ", TEAIG T EL P %
B4 II% IR 22 W8 16 4F 5 197 25 el 3840 & 1 (3 200 merkg) ™ PRI , AR S 06 BRASE A0, 1 F [ - S350 1 30 75
YL BLSIRIL , TN T ) 700 R e T REAR DL

£R3 TREIRE CuSOAIENTEFR f SEE 2N

Table 3 Effects of different concentrations of CuSO, on the total Cu content in substrates

CuSO. &% /mM 0 1 3 6 9

FJF Cu i/ (mg/kg DW) ND 58.89 358.25 838.79 1194.98

3.1 CuSO.EX = HFEFEX RN

Bl A CuSO ALV BE B2 5, 25 O3 Pl 1% 148 80 (18 1B) (4l i AR 3R 06 1 (161 3F) 45 R B . iX 3R
W CuSOLAE X 25 S A8 & ANl B A AT — 2 2 i (81 5) , e A EU bR AR K32 30 . (EAE S T304 T
IREE R B ol T 2 AR MR B 1 CuSOL AL BRI 1A X b7 & % itk m B A it ARG =R
Fo (18] 2~ 181 3)  AAAE B & 00T IR AR R 28 B A A — @ S IVE T (BT 1B) 2 25 D3R D AR S i
FEB L I 56 ' 5 K S 8 St U B 8 2 U 110 CuSOL A B T RE 253 25 O 38 45O B 4 B DG & Th e F A —
FE S AE 3L B AR i 70 B4 A PR AR R G A DO RESZ M AN K (FR 1), Fh B, 4 1 70) A 3 v i) B R 0T g
o T O 7 A S (ERT R S s M N B
3.2 CuSO.AbIEXT = 0 3 M R B 22 M

B 2 i T BB SRR PUE IR A T T S R B SR O AR S 3R A AUE SR LSS
FE M WAL 45 T 4 R AR ER S 4 . FEA 256 CuSOALFRIE Fl N , 23 038 I K Mg Ml P UL &R & i fa E al
/N TE R (1 5A 5CHISD) , Ca Ml TC R & f AL (8] 5B FISE) s 27 bk H IR FIZE A% bR (Kl 6B.6D) 1]
PR R PR (81 7A 7B) & AR, BRI R & f 4= (18 6A ), i B8 2 B R 1 R IR . ] AL, CuS O,
REIR , 48 R ZETCHRA LR & w8 A /MRS A HA FHA RS . SR B, <9 mM 1Y
CuSO AL X 22 0S4 038 5 B0 52 M AN RS . 3 H 7 398 v 18 A ) 300 5 0 6 A X0 88 00 8 R Il 00 7% 1%
M AN

] N A Pl 6 55 B SR TT 3R, (FL I PR B2 2 90 3R BT, AR LTS ) 35 1 o s 5 9 A A 22 2 D AH
K, NARHR R ZRE F 538 . 4R E CuSO AL BE T AN ZS 0S8R TP 1 Cu % & 7F CuSO.=3 mM B J A5
(GB 15199—1994). F HAHEM , 45 AT BEAE 4 il 50 il T, ARS8 SR i 4l &5 it B Je A , 2R 250 3¢
TR A P25 11 ] e PR AR A ST (R S PR AT KAk 22 4 /KT . 33K A1, 5 5608 5 BH A5 R AR D 4 1) 5 SR — 3.

AR R £ T2 TR T 5858, 1A R 2 70 A v ] Bl 3 S AT B A A R R L I A R R AN AN AT
R i 8 2% A RE T, 3 FT 5 R M 45 T A R O ) SO T TR Y . AL b B S A TR R A Y 1 in AT R
BN 2SI B KURS: . BRI AR A I ST 4 el A I S B R N SRR P R R R R . AR E
R I, AN CuSOL AL BEA 25 O SER N A S A S i 2 iA B rh TS AR, 1 mM~9 mM /1Y CuSO.4b
L UJ 378 o AR AR 22 o SR AR P P A R 3 D it 0 M T B o LY PR 1 o, I A R R R A R TS Yk oF
(R2). W UL AT D, A il 700 9 o 2 f FH AT 8 2 38 2k 384 0 8% 2 1A P A i 2 20 B i DT i — 25 1 A28 1
A9 AU

25 FJrIR , DL CuSOL AR Bl ) 500 Y R s fift Y, 23 S 3R b, - S84 AR R R 1G5 38 him 17 4 il 5 1
FEIL B B R 8] & 58 I AN B I AH S REARFD 1 & BT s X 25 O 369t AR O i R 3R & iR )
AK . CuSOALFRSIEINGE SR N B H AR 2R R A U Se R R TR s I B B4 S i T, 25 0345 BB
Cu & HEASEAR , (H B 50 1500 Ak — 20 KA (Y, AR AR B sl A . SEBR 15 G /K F T 1Y CuSO. b 358
Tb R AR 225 SR A PR T T2 30 i it 3 e T 8 6 R A 76 25 0o SR Py R AR, O 8 381 o B 3 ko1 BRI T %
ST, B T NS R KU

- 47 -



B R4 (A AR BR# AR 5538 45 3 W (2015 4F)

[11]

[12]

[14]

(18]

[19]

[20]

[21]

[22]

(23]

[24]
[25]

(&% 30k ]

HEIE AL, FRAETE R BAR, A5 SRR 250 A IR S B SE[D ]. AR 257240, 2001, 1(3) : 61-68.
Wi, 8 52 5, IR . ot A DR X A X8 FEE AT UL PA) 2L 2 rh i kB iy ) . SRR VT 38 0B = - B AR, 2012, 10C 1)
67.

NI, R, BIEEE . R 22 AR S R AN b Bk B Bl AR B BRI AN (). AL BRSRERL 2541, 2013,32(5)
972-978.

IR WY, A, WRIRIN, A5 bt i S5 S g S5 P i 55 et B Rt B ARG [0 . Ak BRI B2 2412, 2006, 25(5) -
1093-1 101.

R, FESLAT B A, A R AT SR e S S A e S A B AR [ ] AR PR A2 4, 2012, 31(5) : 942~
948.

Hang F S, Li Y X, Yang M, et al. Copper residue in animal manures and the potential pollution risk in Northeast China[J].
J Resour Ecol ,2011,2(1):91-96.

PhAEAE BB, 2T, A . R Z IR DO B AR AR S R [ ] AR ROE TR R, 2012, 19(6) 1 25-28.
A, BRATEE, ERKAE A . BRI 25 T 00 A R R BiiR [T ] RIS, 2012(7) 1 45, 65.

W T A DR, 550, 45 243 sw b Ak B 2500 S A AR MERNE SR (B RS2 i [ ). 3B IR 5 3005, 2013,41(4)
441-448.

R, B A8, X , A5 . AR P e 4 4 SORS 0 00 T AR ) BRSO k(0] AR5 Bl 22,2007 (5) : 46-48.

Comas L H, Eissenstat D M, Lakso A N. Assessing root death and root system dynamics in a study of grape canopy pruning[J].
New Phytol 2000, 147:171-178.

BOEW] . mhag 3 & I E P Amon 22 URYHES: [T ] M) A4 73 iR, 1992,28(3) :221-222.

Arnon D I. Copper enzymes in isolated chloroplasts polyphenooxidase in Beta vulgaris[ J]. Plant Physiol , 1949,24:1-15.
RS . PR MR & B S BT R S8 AL Wy W P A s . SRR ) A PR S0 he g [ M ). bt Bb i it 1999
315-316.

Ellman G L. Tissue sulfhydryl groups[J]. Arch Biochem Biophys, 1959,82(1):70-77.

FLAFEAE, 5 IR . AL 2R & BERGIE [ M /008 2R B 42 R AR R SRR L L st s i RO R AR, 2008 18.
A YR P T I (M2 e A A AR A SR I RIEOR | bt R AR HOR R, 2000: 195-
196.

Bt YR A T B E R R RN (M2 2R A A B AR A S 00 IR BRI AR . st - & 2 20 Hh A, 2000
192-194.

Bradford M M. A Rapid and Sensitive Method for the Quantitation of Microgram Quantities of Protein Utilizing the Principle
of Protein-dye Binding[MJ. Anal Biochem, 1976,72:248-254.

FAEZE YRS A I E (M /26 A A AR A AL S0 SR AR R | b5t i SR HUE A, 2006: 122-
123.

=]

Deluisa A, Giandon P, Aichner M, et al. Copper pollution in Italian vineyard soils [J]. Communications in Soil Science and
Plant Analysis, 1996,27(5-8):1 537-1 548.

Mirlean N, Roisenberg A, Chies J O. Metal contamination of vineyard soils in wet subtropics (Southern Brazil) [J]. Environ-
mental Pollution,2007,149(1):10-17.

Flores Velez L. M, Ducaroir J, Jaunet A M, et al. Study of the distribution of copper in an acid sandy vineyard soil by three
different methods|[J ]. European Journal of Soil Science,1996,47(3) :523-532.

TRER , XUJRNE , VIRHAE A5 . 3 A il 5006 VR AR5~ 09 A2 283 RO [T ). A PR 724412, 2009, 28(10) :2 010-2 016.
PREAE  MOL . BOREH FRIIE XN SR i BT e A IS [0 ). ARl B, 1998(3) 1 13-14.

[RERE:# &)

— 48 -



